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a.  >The  proposed  overall  channel  was  too  wide  to  maintain  a  navigation  channel  of 

adequate  width  and  depth  above  the  Black  River.  ^  J 

b.  The -development  of  an  adequate  navigation  channel  in  the  test  reach  would  require 
a  reduction  in  the  width  of  the  overall  channel.  This  can  be  obtained  with  dikes 
or  by  moving  the  banks  closer  together  and  revetting  them. 

c.  The  first  of  the  two  plans  proposed  by  the  US  Army  Engineer  District,  New  Orleans 
Plan  A,  consisted  of  a  1.9-mile  cutoff  from  mile  36.5  to  34.3  to  increase  the 
radius  of  the  bend  at  the  mouth  of  the  Black  River  and  the  radius  of  the  next 
bend  upstream.  Plan  B  was  similar  to  Plan  A  in  that  it  consisted  of  a  cutoff 
channel  in  the  same  area;  however,  the  cutoff  channel  for  Plan  B  was  0.2  mile 
longer,  and  contained  curves  with  radii  at  least  2,400  ft  longer.  Plan  B,  with 
its  longer  radius  curves,  would  require  less  dike  construction  than  Plan  A  to 
develop  a  navigation  channel. 

d.  Structures  would  be  required  on  the  left  bank  downstream  of  the  Black  River  to 
develop  an  adequate  channel  along  an  alignment  suitable  for  navigation. 

'  ••  •  •  ftJ  -  r.  , 

e.  Structures  would  be  required  on  the  downstream  entrance  to  the  old  bendway  to 


maintain  an  access  channel  into  the  old  bendway  for  recreation. 


PREFACE 


The  model  Investigation  reported  herein  was  requested  by  the  US  Army 
Engineer  District,  New  Orleans  (LMN) ,  in  letter  of  8  March  1972  from  LMN  to 
the  US  Army  Engineer  Waterways  Experiment  Station  (WES),  subject:  Red  River 
Waterway,  Lock  and  Dam  No.  1,  Model  Study.  The  study  was  conducted  during  the 
period  March  1972  to  November  1978.  The  US  Army  Engineer  Division,  Lower  Mis¬ 
sissippi  Valley  (LMVD) ,  and  LMN  were  informed  of  the  progress  of  the  study 
through  progress  reports  and  periodic  transmittal  of  preliminary  results.  In 
addition,  representatives  from  LMVD  and  LMN  visited  WES  during  the  course  of 
the  study  to  observe  special  tests  and  discuss  test  results. 

At  the  time  of  this  investigation  in  the  Hydraulics  Laboratory,  the  work 
was  conducted  under  the  general  supervision  of  Messrs.  H.  B.  Simmons  as  Chief, 
with  F.  A.  Herrmann,  Jr.  as  Assistant  Chief,  and  under  the  direct  supervision 
of  Messrs.  J.  E.  Glover,  Chief  of  the  Waterways  Division,  and  J.  J.  Franco, 
retired  Chief.  The  engineer  in  immediate  charge  of  the  model  study  was 
Mr.  J.  E.  Foster,  retired  Chief  of  the  River  Regulation  Branch.  He  was 
assisted  by  Messrs.  C.  R.  O'Dell,  J.  A.  Holliday,  and  A.  J.  Cook.  This  report 
was  prepared  hy  Mr.  Foster.  His  efforts  were  supported  by  Mr.  O'Dell's  prep¬ 
aration  of  preliminary  data  and  Mr.  Glover's  review.  Editing  was  done  by 
Mrs.  Gilda  Miller  and  the  coordination  of  text  and  figure  layout  was  done  by 
Ms.  Debbv  Shiers,  Information  Products  Division,  Information  Technology 
Laboratory,  WES. 

COL  Allen  F.  Grum,  USA,  was  the  previous  Director  of  WFS.  COL  Dwayne  G. 
Lee,  CE,  Is  the  present  Commander  and  Director.  Dr.  Robert  W.  Whalin  is 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 
UNITS  OF  MEASUREMENT 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
(metric)  units  as  follows: 


cubic  feet  per  second 
miles  (US  statute) 


0.01745329 

0.3048 

0.02831685 


1.609347 


_ To  Obtain _ 

radians 

metres 

cubic  metres  per  second 
kilometres 


CHANNEL  DEVELOPMENT  IN  THE  LOWER  REACH 


g 


OF  THE  RED  RIVER 
Hydraulic  Model  Investigation 


PART  I:  INTRODUCTION 

Location  and  Description  of  Prototype 

1.  The  Red  River  (Figure  1)  flows  easterly  from  the  northwest  portion 
of  Texas,  along  the  border  between  Texas  and  Oklahoma  into  southwestern  Arkan¬ 
sas  where  it  turns  southerly  into  northwestern  Louisiana  to  Shreveport,  then 
southeasterly  through  northern  Louisiana  to  Alexandria,  then  easterly  to  join 
the  Old  River  and  form  the  Atchafalaya  River.  The  Atchafalaya  River  flows 
through  the  southeastern  portion  of  Louisiana  to  the  Gulf  of  Mexico  downstream 
of  Morgan  City.  Flow  in  the  upper  portion  of  the  Red  River  is  controlled  by 
releases  from  Denison  Dam,  which  is  located  on  the  Texas-Oklahoma  state  line. 
Flows  from  the  Mississippi  River  through  Old  River  Diversion  Canal  have  con¬ 
siderable  backwater  effect  on  stages  in  the  lower  portion  of  the  Red  River.  A 
75-ft*  by  1,200-ft  lock  at  the  mouth  of  Old  River  provides  for  navigation 
between  the  Mississippi  and  Red-Atchafalaya  Rivers. 

2.  The  Red  River  is  characterized  by  large  fluctuations  in  stage, 
shifting  bed  and  banks,  and  unpredictable  shoaling.  From  Alexandria  to 

Old  River,  the  Red  River  with  its  flat  slope  and  low  banks  traverses  the  flood 
plain  of  the  Mississippi  River.  The  water-surface  slope  in  this  reach  is 
dependent  not  only  upon  the  flow  in  the  Red  River  but  also  the  flow  in  the 
Black  River  and  the  backwater  effect  of  flows  from  the  Mississippi  River 
through  Old  River  Diversion  Canal.  Due  to  long  periods  of  low  flow,  narrow 
bends  of  short  radii,  and  a  heavy  sediment  load,  the  use  of  the  Red  River  for 
movement  of  cargo  by  barges  has  been  limited. 


*  A  table  of  factors  for  converting  non-Sl  units  of  measurement  to  SI 
(metric)  units  is  presented  on  page  3. 
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Figure  1.  Location  map 


Plan  of  Development 


3.  The  90th  Congress  authorized  the  development  of  the  Red  River  Water¬ 
way  with  the  passage  of  Public  Law  90-483  on  13  August  1968.  As  presently 
authorized,  the  project  provides  for  the  improvement  of  the  Red  River  and  its 
tributaries  into  Louisiana,  Arkansas,  Texas,  and  Oklahoma  through  coordinated 
development  for  navigation,  bank  stabilization,  flood  control,  recreation, 
fish  and  wildlife,  and  water-quality  control.  The  primary  function  of  the 
project  is  to  provide  for  the  establishing  of  a  9-ft-deep  by  200-ft-wide  navi¬ 
gation  channel  from  Old  River  to  Lake  of  Pines  near  Daingerf ield,  Texas,  by  a 
system  of  nine  locks  and  dams,  extensive  channel  realignment,  a  number  of  cut¬ 
offs,  and  miles  of  channel  training  and  stabilization  works.  The  project 
consists  of  four  distinct  reaches:  (a)  Mississippi  River  to  Shreveport,  Loui¬ 
siana;  (b)  Shreveport  to  Daingerf ield,  Texas;  (c)  Shreveport  to  Index,  Arkan¬ 
sas;  and  (d)  Index  to  Denison  Dam,  Texas.  The  Appropriations  Act  of  1971, 
approved  7  October  1970,  as  Public  Law  91-439,  provided  authority  to  initiate 
preconstruction  planning  in  the  Mississippi  River-to-Shreveport  Reach,  the 
only  reach  pertinent  to  this  study. 


Need  for  and  Purpose  of  Model  Study 


4.  The  development  of  the  lower  reach  of  the  Red  River  for  navigation 
will  require  the  solution  to  many  channel  development  and  maintenance  prob¬ 
lems.  Analytical  solutions  to  these  problems  on  a  river  heavily  laden  with 
sediment  are  complex  and  uncertain.  Therefore,  it  was  decided  that  this  hy¬ 
draulic  movable-bed  model  be  used  to  determine  some  of  the  problems  involved, 
develop  some  solutions  to  these  problems,  and  accumulate  some  general  informa¬ 
tion  that  can  be  used  in  the  solution  to  problems  in  other  reaches.  The  spe¬ 
cific  purposes  of  this  investigation  were:  (a)  to  provide  an  indication  of 
the  amount  of  maintenance  dredging  that  would  be  required  to  maintain  a  navi¬ 
gation  channel  from  Lock  and  Dam  1  to  Old  River;  (b)  to  determine  the  optimum 
alignment  and  ultimate  channel  section  to  be  expected  in  l.orran  Lake  cutoff  (a 
proposed  cutoff  just  upstream  of  the  mouth  of  the  Black  River);  and  (c)  to  de¬ 
velop  a  system  of  channel  structures  that  would  minimize  the  required  dredging 
in  this  reach. 
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PART  II:  THE  MODEL 


Description 


5.  The  model  (Figure  2)  reproduced  4.7  miles  of  the  Red  River  (from 
mile  37.5*  to  32.8),  a  short  section  of  the  Black  River,  and  the  adjacent 
overbank  areas  to  a  distorted  scale  of  1:120  horizontally  and  1:80  vertically. 
A  small  supplemental  slope,  needed  to  provide  satisfactory  bed  movement,  was 
incorporated  in  the  model  design.  The  model  was  of  the  movable-bed  type  with 
the  banks  and  overbank  areas  molded  in  sand-cement  mortar.  The  bed  was  molded 
in  crushed  coal  with  a  median  grain  diameter  of  about  4  mm  and  a  specific 
gravity  of  1.30.  Dikes  were  molded  of  crushed  stone.  Folded  strips  of  wire 
mesh  were  used  to  simulate  the  roughness  effect  of  trees  and  underbrush  on  the 
overbank  areas. 

6.  Initially,  the  model  channel  bed  was  molded  to  configurations  indi¬ 
cated  by  the  prototype  hydrographic  survey  of  March  1968,  as  shown  in  Plate  1. 
Overbank  areas  were  molded  to  the  contours  and  elevations  indicated  by  the 
latest  available  maps  and  charts. 


Appurtenances 


7.  Water  was  supplied  to  the  model  by  a  10-cfs  axial  flow  pump  in  a 
circulating  system.  Discharge  was  controlled  and  measured  by  valves  and  ven¬ 
turi  meters  at  the  upper  end  of  the  model  on  the  Red  and  Black  Rivers. 
Water-surface  elevations  along  the  channel  were  measured  by  nine  point  gages, 
as  shown  in  Figure  2.  Water-surface  elevations  of  the  lower  end  of  the  model 
were  controlled  with  an  adjustable  tailgate.  A  graduated  container  was  used 
to  measure  bed  material  introduced  at  the  upper  end  of  the  model.  A  sediment 
trap  was  provided  at  the  lower  end  of  the  model  where  extruded  material  could 
accumulate  and  be  measured  to  determine  the  amount  discharged  for  any  period. 
A  carefully  graded  rail  was  installed  along  each  side  of  the  channel  to  sup¬ 
port  sheet  metal  templets  used  for  molding  the  model  bed  prior  to  initiation 
of  certain  tests.  These  rails  were  also  used  to  provide  vertical  control  for 


*  All  mileage  cited  herein  refers  to  1967  river  miles  above  Old  River.  For 
test  conditions,  the  mileage  is  measured  through  the  cutoff. 


surveying  the  model  bed  and  to  install  structures  in  the  model. 


Model  Adjustment 


8.  As  the  name  implies,  the  bed  and  bars  of  movable-bed  models  are  com¬ 
posed  of  material  capable  of  being  transported  as  bed  load.  Bank  lines  are 
normally  fixed  unless  caving  banks  are  expected  to  have  a  major  impact  on  the 
study.  Models  capable  of  reproducing  only  bed-load  movement  are  adequate  to 
study  shoaling  and  deposition  problems,  since  suspended  sediments  do  not  nor¬ 
mally  play  a  significant  role  in  scour  and  deposition  in  sand-bed  streams 
where  significant  bed-load  movement  is  occurring.  Fixed  bank  lines  and  a  coal 
bed  were  used  in  this  study.  Before  a  movable-bed  model  is  used  to  test  the 
effectiveness  of  proposed  improvement  plans,  its  ability  to  reproduce  condi¬ 
tions  similar  to  those  that  can  be  expected  in  the  prototype  must  be  demon¬ 
strated.  Complete  agreement  between  the  model  and  the  prototype  cannot  be 
obtained  because  of  the  inherent  distortions  incorporated  in  the  model  design 
and  in  the  operation  of  the  model.  Because  of  these  dissimilarities,  the  de¬ 
gree  of  reliability  of  this  type  of  model  cannot  be  fully  established  by  math¬ 
ematical  analysis  and  must  be  based  on  model  verification.  Verification  of 
the  model  involves  the  adjustment  of  various  hydraulic  forces,  time  scale, 
rate  of  introducing  bed  material,  and  model  operating  techniques.  These  ad¬ 
justments  are  made  until  the  model  reproduces  with  acceptable  accuracy  the 
changes  known  to  have  occurred  in  the  prototype  during  a  given  period.  Vari¬ 
ous  scale  relationships  and  model  operating  procedures  established  during 
model  verification  are  used  in  tests  of  various  improvement  plans.  The  degree 
of  similarity  between  model  and  prototype  data  obtained  during  model  verifica¬ 
tion  is  considered  in  the  analysis  of  model  test  data. 

Conventional  procedure 

9.  To  accomplish  a  normal  verification,  it  is  necessary  to  have  two, 
preferably  recent,  prototype  surveys  of  the  channel  in  the  test  reach.  The 
surveys  should  be  about  one  year  apart  and  should  show  the  stages  and  dis¬ 
charge  that  occurred  in  the  test  reach  between  the  two  surveys.  The  model  bed 
is  initially  molded  to  the  earlier  survey.  The  flows  that  occurred  during  the 
period  between  the  surveys  are  introduced  at  the  upper  end  of  the  model  and 
the  water  surface  at  the  downstream  end  of  the  model  is  controlled.  This  is 
done  so  that  the  stages  in  the  center  of  the  model  agree  with  the  stages  that 


occurred  in  the  prototype  during  this  period.  Bed  material  is  introduced  at 
the  upstream  end  of  the  model  to  simulate  the  bed  material  moving  into  the 
test  reach.  The  quantity  of  bed  material  varies  directly  with  the  amount  of 
flow.  At  the  end  of  the  period,  the  model  bed  is  surveyed  and  the  bed  con¬ 
figurations  are  compared  with  those  of  the  prototype  survey  for  the  end  of  the 
period.  If  the  model  does  not  reproduce  the  prototype  survey  closely  enough, 
modifications  are  made  to  change  the  hydraulic  forces,  the  time  scale,  the 
rate  of  introducing  bed  material,  and  the  model  operating  techniques  until  the 
model  satisfactorily  reproduces  the  prototype  bed  configurations.  Once  the 
model  has  been  verified,  these  scales  and  procedures  are  used  in  the  testing 
program. 

Procedure  used 

10.  Since  only  one  recent  prototype  survey  of  the  test  reach,  March 
1968  (Plate  1),  was  available,  a  conventional  verification  of  the  model  was 
not  possible.  However,  for  this  model  to  be  of  value,  it  was  essential  that 
it  be  adjusted  to  reproduce  channel  configurations  generally  representative  of 
those  expected  in  this  reach  of  the  Red  River  under  similar  circumstances. 
Accordingly,  the  adjustment  of  the  model  was  initiated  with  the  model  bed 
molded  to  the  prototype  survey  of  March  1968.  The  flows  that  occurred  in  the 
prototype  for  the  year  preceding  the  survey,  13  March  1967-12  March  1968 
(Plate  2) ,  were  introduced  and  the  stage  hvdrograph  in  the  center  of  the  test 
reach  was  reproduced.  The  initial  time  scale,  discharge  scale,  rate  of  intro¬ 
ducing  bed  material,  and  model  operating  techniques  were  determined  from  past 
experience  with  similar  models.  The  resulting  bed  configurations  were  com¬ 
pared  with  those  of  the  prototype  for  March  1968.  This  procedure  assumes  no 
radical  changes  in  channel  alignment  and  that  the  hvdrograph  which  shaped  the 
bed  should  not  significantly  change  the  bed  if  it  is  repeated.  Also  implicit 
in  this  method  of  adjustment  is  the  requirement  that  discharge  scales  are  ad¬ 
justed  so  that  there  is  adequate  bed-load  transport.  The  amount  of  sediment 
introduced  at  the  upstream  model  limit  is  adjusted  so  that  the  most  upstream 
section  of  the  model  neither  agrades  nor  degrades  significantly.  Progressive 
adjustments  were  made  in  the  model  scales  and  operating  techniques  following 
each  adjustment  hydrograph  until  a  satisfactory  adjustment  was  achieved. 

Resul ts 

11.  A  comparison  of  the  results  of  the  final  adjustment  test  (Plate  3) 
with  those  of  the  prototvpe  survey  of  March  1968  (Plate  1)  shows  that  the 


model  bed  configurations  generally  reproduced  the  tendencies  of  the  prototype. 
The  channel  upstream  of  the  mouth  of  the  Black  River  was  somewhat  deeper  than 
the  prototype  but  a  review  of  the  aerial  photography  showed  considerable  bank 
caving  in  this  reach  during  the  adjustment  period.  Material  from  the  caving 
bank  would  be  expected  to  increase  bed  load  in  the  area  and  produce  a  shoaling 
condition  rather  than  the  deepening  indicated  by  the  model.  Since  most  of 
this  channel  was  to  be  eliminated  by  a  cutoff,  it  was  not  deemed  necessary  to 
simulate  bank  caving  in  the  area  to  achieve  a  more  accurate  reproduction  of 
the  bed  configuration.  The  channel  configuration  downstream  of  the  confluence 
of  the  Black  River  was  satisfactorily  reproduced.  As  a  result  of  adjustment, 
the  hydraulic  scale  relationship,  time  scale,  and  rate  of  introducing  bed 
material  were  established.  They  were  used  in  tests  of  the  improvement  plans. 
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Test  Procedure 


12.  Tests  were  concerned  with  the  development  of  .1  navigation  channel 
200  ft  wide,  9  :’t  below  the  average  low-water  plane  <  Al.WP)  along  a  satisfac¬ 
tory  alignment.  Tests  were  conducted  of  two  '  l.orran  lake  cutoffs'1  alignments 
(Plans  A  and  B) .  Each  alignment  was  tested  with  various  dike  svstems  and 
channel  cross  sections,  and  Plan  B  was  tested  with  notches  cut  in  the  banks. 
Each  plan  and  modification  thereto  was  tested  hv  reproducing  the  |9B7-t»8  stage 
hvdrograph,  introducing  crushed  coal  with  each  flow  to  simulate  bed  material 
moving  into  the  test  reach,  and  controlling  the  water  Mirtace  at  the  down- 
stream  end  of  the  model  to  a  ratine  curve  developed  during  mode!  verification. 
Two  modifications  to  Plan  A  were  also  tested  with  a  low -v.it or  i 1970-'l 1  hvdro¬ 
graph  (Plate  41  ,  an  average  ■■  i 7  I  - "  2  i  hvdrogruph  •'■’.ate  rM  ,  and  a  high-water 
(  1972-73)  hvdrograph  ’Mate  A'.  The  effect  of  upstream,  locks  and  dams  on 
sediment  transport  was  not  con- idered;  ther-  •:  rc .  the  rate  .•'  introducing  bed 
material  at  the  upper  end  of  the  model  v.»«  the  so:  .e  as  t  hat  required  for  model 
verification.  Prior  to  the  first  test  of  each  plan  and  of  selected  modi! ica- 
t  ions ,  the  bed  of  the  existing  t  hantie1  was  melded  to  tie  Var  h  1  prototype* 
survev,  and  the  cut  of  f  v  h  nine  1  was  T.-'lded  to  a  its*  section  and.  alignment 
furnished  by  the  "9  At  rv  Engineer  district.  New  triers  < I MN  1  .  Tests  of  the 
remaining  mod  i  f  ieat  ictis  were  initiate'',  with  the  ted  of  the  mode  1  to  configura¬ 
tions  that  existed  a*  f  '•  end  •■•  ,  ■  *  ev  ions  tes?  .  :ri  r  '  •  'me  test  ,  a 

navigation  rh.inne  ’  was  dr-dged  "■  sj.ec  i  t  f »  re  n  he- ,  ir.d  t’e  *-ed  *?  the  mode! 
was  surveyed  following  eu  !  '■  v  d  r  g  r  an1  ■.  Navi  cat  i""  denth  was  considered  t.  he 
el  0.0*  through  the  test  :  .  ,vh. 
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sive  plans  eyp.*.  t  «•  1  :  •■  r  ■  :  -  e  •  •  -  :  •••  •  : .  P  *•*•». '  ♦  -•  -'eve  !  .7- 

ment  test'-  were  ‘"urn  :  s'  ,■•  !  *  .  '  v-,  :a  .  •  .  •  '  :  at1:  r  e  ;>  at  . 
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Plan  A 


Description 

14.  Plan  A  (Figure  3),  the  initial  plan  proposed  hv  I.MN,  consisted  of  a 
1. 9-mile  cutoff  from  mile  36.5  to  34.3  to  increase  the  radius  of  the  bend  at 
the  mouth  of  the  Black  River  and  the  radius  of  the  next  bend  upstream.  The 
alignment  of  the  cutoff,  obtained  from  Plates  r>7-69  in  the  Portfolio  of  the 
Red  River  Waterway  Design  Memorandum  N'o.  2,  March  1  974,  contained  two  reverse 
5,000-ft  radius  bends  connected  by  a  1? , 500-f t - long  tangent.  The  upstream  bend 
was  4,500  ft  long  and  connected  to  the  existing  channel  with  a  3 , 300-f t- 1 ong 
tangent  at  mile  36.5.  The  downstream  bend  joined  the  existing  channel  at 
mile  34.3.  The  cutoff  channel  was  molded  to  the  average  cross  section  for  a 
4,500-ft  radius  curve  (Figure  31  as  obtained  from  Plate  5  of  the  above  refer¬ 
enced  portfolio.  The  channel  upstream  and  downstream  of  the  cutot!  was  molded 
to  the  prototype  survev  of  March  !9nH  (Plate  1).  Two  longitudinal  dikes  (a 
I , 600-f t - 1 ong  dike  to  el  11  at  mile  16.4  on  the  left  bank  and  a  I , 3D0- f f - ] ong 
dike  to  el  10  at  mile  15.7  on  the  right  hank!  were  installed  t<-  develop  cross¬ 
ings  in  the  cutoff.  One  closure  dike  was  installed  across  the  upstream  en¬ 
trance  to  the  old  bendway  and  another  one  was  installed  about  '  mile  down¬ 
stream  in  the  bendwav.  These  dikes  were  installed  t  >  top  h  ink  elevation  to 
force  all  witbin-bank  flows  through  the  cutoff. 
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Figure  3.  Plan 


to  34.44,  an  L-head  dike  at  mile  34.9,  and  a  longitudinal  dike  at  mile  34.7) 
were  installed  in  the  cutoff  to  develop  a  deeper  and  wider  channel.  These 
dikes  are  listed  in  Table  1  and  shown  in  Figure  4.  The  model  of  the  channel 
bed  was  molded  to  the  configurations  that  existed  at  the  end  of  several  devel¬ 
opment  tests  following  testing  of  Plan  A.  These  configurations  are  shown  in 
Figure  4.  The  1967-68  hvdrograph  was  reproduced  four  times  to  determine  if 
the  channel  would  maintain  its  width  and  depth  over  a  period  of  years. 

Results 

17.  The  results  of  the  first  hvdrograph  of  Plan  A- 1  (Plate  8)  indicated 
that  this  cutoff  and  system  of  dikes  would  produce  a  continuous  navigation 
channel  through  the  test  reach.  The  navigation  channel  would  have  a  minimum 
width  of  175  ft  and  89  percent  of  this  channel  above  the  Black  River  would  be 

at  least  200  ft  wide.  Downstream  of  the  Black  River  about  1,400  ft  of  the 

channel  would  be  less  than  200  ft  wide  at  navigation  depth.  This  section 

would  have  a  minimum  width  of  140  tt.  Results  of  additional  testing  indicate 

that  after  four  hvdrographs  the  navigation  channel  would  remain  continuous 
through  the  test  reach  (Plate  9>,  but  about  3b  percent  of  the  navigation  chan¬ 
nel  upstream  of  the  Black  River  would  be  less  than  200  ft  wide  and  have  a 
minimum  width  of  150  ft.  The  minimum  width  of  the  channel  downstream  of  the 
Black  River  increased  to  300  ft,  but  a  bar  developed  on  the  left  bank  fust 
downstream  of  the  Black  River  rhat  shortened  the  length  of  the  crossing.  This 
bar  could  make  it  difficult  for  upbound  tows  to  cross  to  the  left  bank  and 
align  with  the  entrance  to  the  cutoff  espec  ial  !v  with  significant  flow  out  of 
the  Black  R  ive r  . 
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miles  36.1,  35.89,  35.70,  35.50,  and  35.33,  and  one  on  the 
right  bank  at  mile  34.7  were  lowered.  The  L-head  of  the  dike 
on  the  right  bank  at  mile  34.9  was  removed  and  the  remaining 
spur  dike  was  lowered. 

d.  In  the  downstream  entrance  to  the  old  bendway,  the  longitudinal 
dike  at  mile  34.7  was  raised,  the  spur  dike  at  mile  34.50  was 
shortened  90  ft,  and  a  150-ft-long  wing  was  added. 

The  size  of  the  cutoff  channel  was  reduced  considerably  by  filling  with  coal¬ 
bed  material  up  to  el  42  on  the  inside  banks  of  the  two  curves.  This  resulted 

in  a  cross  section  almost  equal  to  an  average  of  those  shown  in  the  1968  pro¬ 

totype  survey  for  this  reach.  This  cross  section  (Figure  5)  was  30  ft  less  in 
width  at  el  0.0,  140  ft  less  at  el  10,  and  190  ft  less  at  el  20  than  the  cross 
section  for  the  cutoff  for  Plan  A.  The  existing  channel  was  molded  to  con¬ 
figurations  that  existed  at  the  end  of  several  preliminary  tests  following 
testing  of  PLan  A- 1 .  These  configurations  are  shown  in  Figure  5. 

19.  For  Plan  A-3,  a  spur  dike  was  installed  to  el  25  on  the  right  bank 
at  mile  36.67.  The  initial  bed  configurations  for  Plan  A-3  were  those  that 
existed  at  the  end  of  testing  of  Plan  A-2.  The  dikes  and  beginning  bed  con¬ 
figurations  for  Plan  A3  are  shown  in  Figure  6. 

Results 

20.  The  navigation  channel  resulting  from  testing  of  Plan  A-2  was  con¬ 
tinuous  through  the  test  reach  along  a  satisfactory  alignment,  but  only 

54  percent  of  the  navigation  channel  above  the  Black  River  was  at  least  200  ft 

wide.  The  minimum  width  of  the  navigation  channel  was  160  ft.  Installing  the 

dike  at  mile  36.65  for  Plan  A-3  increased  the  width  of  the  navigation  channel 

at  this  point  but  the  channel  in  the  cutoff  deteriorated  considerably.  Some 

44  percent  of  the  navigation  channel  above  the  Black  River  was  less  than 

200  ft  wide.  The  minimum  width  of  the  navigation  channel  was  100  ft 
(Plate  101. 
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Figure  7.  Plans  A-4  and  A 


35.04,  34.94,  34.69,  and  34.48),  four  L-head  dikes  (miles  36.75,  35.96,  35.51, 
and  34.78),  and  three  longitudinal  dikes  (miles  37.04,  36.27,  and  35.05)  were 
installed  as  listed  in  Table  1.  The  cutoff  channel  was  molded  to  the  average 
cross  section  for  a  4,000-ft  radius  curve  as  it  was  for  Plan  A.  The  existing 
channel  upstream  and  downstream  of  the  cutoff  was  molded  to  the  prototype  sur¬ 
vey  of  March  1968.  For  Plan  A-5  the  vane  dikes  at  the  downstream  entrance  to 
the  old  bendway  (miles  34.69  and  34.48)  were  removed  and  a  longitudinal  dike 
was  installed  to  el  30  upstream  of  the  entrance  (mile  34.70)  and  an  L-head 
dike  was  installed  to  el  40  downstream  of  the  entrance  (mile  34.50).  The 
other  dikes  installed  for  Plan  A-4  were  raised  to  el  25.  The  dikes  for 
Plan  A-5  are  listed  in  Table  1  and  shown  in  Figure  7.  The  bed  of  the  existing 
and  cutoff  channels  were  to  configurations  that  existed  at  the  end  of  testing 
of  Plan  A-4  as  shown  in  Figure  7.  The  1967-68  hydrograph  was  reproduced 
twice,  the  low-water  hydrograph  (Plate  4)  was  reproduced  once,  and  the  average 
hydrograph  (Plate  5)  was  reproduced  once. 

Results 

22.  The  results  of  testing  of  Plan  A-4  indicated  that  this  system  of 
dikes  would  not  maintain  a  continuous  navigation  channel  in  the  test  reach. 
About  33  percent  of  the  channel  above  the  Black  River  did  not  have  navigation 
depth  and  only  one  third  of  this  length  had  a  channel  more  than  100  ft  wide  at 
navigation  depth.  Just  downstream  of  the  Black  River  a  bar  developed  off  the 
left  bank  that  would  hinder  upbound  navigation  crossing  to  the  left  bank  to 
align  with  the  cutoff  channel. 

23.  Results  of  tests  of  Plan  A-5  (Plate  11)  with  two  repetitions  of  the 
1967-68  hydrograph  indicate  that  this  system  of  vane  dikes  raised  to  el  25 
would  develop  a  continuous  navigation  channel  in  about  91  percent  of  the  reach 
above  the  Black  River,  and  in  the  remaining  9  percent  of  the  channel,  the  con¬ 
trolling  depth  would  be  only  1.0  ft  above  navigation  depth.  However,  as  with 
Plan  A-4,  approximately  one  third  of  this  navigation  channel  had  a  width  of 
more  than  100  ft.  The  dikes  installed  in  the  downstream  entrance  to  the  old 
bendway  developed  a  channel  about  30  ft  wide  into  the  bendwav  at  navigation 
depth.  The  bar  on  the  left  bank  downstream  of  the  Black  River  remained  a 
hindrance  to  navigation. 

24.  Bed  configurations  resulting  from  testing  of  Plan  A-5  with  the  low 
hydrograph  (Plate  12)  indicate  that,  with  the  lower  discharges,  the  navigation 
channel  in  the  upstream  portion  of  the  cutoff  would  increase  slightly  in  width 


but  still  only  52  percent  of  the  navigation  channel  above  the  Black  River 
would  have  at  least  a  100-ft  width.  At  mile  34.9,  the  channel  would  shoal  to 
a  minimum  of  1.0  ft  above  navigation  depth.  The  bar  on  the  left  bank  down¬ 
stream  of  the  Black  River  remained  about  the  same  as  with  the  1967-68 
hydrograph . 

25.  Bed  configurations  resulting  from  testing  of  Plan  A-5  with  the 
average  hydrograph  (Plate  13),  which  has  higher  discharges  than  those  of  the 
1967-68  hydrograph,  indicate  that  with  the  higher  discharges  the  navigation 
channel  would  be  continuous  downstream  to  mile  34.0  where  a  shoal  with  a  maxi¬ 
mum  elevation  1.0  ft  above  navigation  depth  would  extend  across  the  channel. 
Only  48  percent  of  the  navigation  channel  above  the  mouth  of  the  Black  River 
had  a  width  over  100  ft  and  the  minimum  width  was  25  ft. 


Plans  A-6  and  A-7 


Description 

26.  A  system  of  dikes  similar  to  those  constructed  on  the  Arkansas 
River  near  Adamsburg  Landing  were  installed  for  Plan  A-6  (Figure  8).  Fifteen 
L-head  dikes  were  installed  from  miles  36.9  to  34.3  at  intervals  of  about 
800  ft  to  develop  the  navigation  channel  upstream  of  the  Black  River.  The 
angle  between  the  spur  portion  and  the  L-head  was  110  deg.  The  L-heads  were 
all  to  el  28  but  the  spur  portions  in  each  group  of  three  were  stepped  down. 
From  upstream  to  downstream  the  elevations  in  each  group  were  28,  24,  and  20. 
In  addition  to  these  L-head  dikes,  a  vane  dike  (mile  37.19  on  the  left  bank) 
and  three  longitudinal  dikes  (miles  37.0  and  35.2  on  the  right  bank  and 
mile  36.4  on  the  left  bank)  were  installed  to  develop  crossings  at  the  desired 
locations.  Also,  a  longitudinal  dike  at  mile  34.7  and  an  L-head  dike  at  mile 
34.5  were  installed  on  the  right  bank  in  the  downstream  entrance  to  the  old 
bendway  to  develop  an  access  channel  into  the  bendwav  for  recreation.  These 
dikes  are  listed  in  Table  1  and  shown  in  Figure  8.  The  cutoff  channel  was 
molded  to  the  average  cross  section  for  a  4,500-ft-radius  curve  (Figure  8)  as 
it  was  for  Plans  A  and  A-4.  The  existing  channel  was  molded  to  configurations 
that  existed  at  the  end  of  testing  of  Plan  A-5  (Plate  131.  The  1967-68  hydro¬ 
graph  was  reproduced  twice  to  provide  sufficient  time  for  this  plan  to  fully 
develop  a  channel.  For  Plan  A-7  the  dikes  remained  the  same  as  for  Plan  A-6, 
but  the  cutoff  channel  was  molded  to  the  cross  sort  ion  at  mile  3S.PA  in  the 


March  1968  prototype  survey.  The  cross  section  shown  in  Figure  8  is  about  the 
same  as  the  one  used  for  Plan  A-2  but  is  much  smaller  than  the  one  used  for 
Plan  A.  The  existing  channel  was  unchanged  from  that  which  existed  at  the  end 
of  testing  of  Plan  A-6  (Plate  14). 

Results 

27.  The  navigation  channel  developed  during  the  first  hydrograph  with 
Plan  A-6  was  continuous  through  the  test  reach  but  only  about  20  percent  of 
the  navigation  channel  above  the  Black  River  was  at  least  200  ft  wide.  The 
minimum  width  of  the  navigation  channel  was  60  ft  (mile  34.95).  However,  with 
the  second  hvdrograph  (Plate  14),  a  shoal  developed  across  the  navigation 
channel  at  mile  34.9  that  had  a  maximum  elevation  3  ft  above  navigation  depth. 
Only  22  percent  of  the  navigation  channel  above  the  Black  River  was  at  least 
200  ft  wide.  The  channel  downstream  of  the  Black  River  was  over  200  ft  wide 
at  navigation  depth  except  for  a  bar  1  ft  above  navigation  depth  on  the  left 
bank  at  mile  34.1,  and  the  channel  alignment  was  satisfactory. 

28.  With  Plan  A-7,  excessive  scouring  occurred  along  the  inside  of 
bends  of  banks  in  the  cutoff  and  considerable  deposition  occurred  in  the  cut¬ 
off  channel  (Plate  15).  Approximately  19  percent  of  the  navigation  channel 
above  the  Black  River  was  at  least  200  ft  wide  and  just  55  percent  had  a  width 
of  at  least  100  ft.  A  bar  developed  above  navigation  depth  across  the  channel 
at  mile  36.9. 

Plans  A-8  and  A-9 


Description 

29.  For  Plan  A-8  (Figure  9)  all  of  the  dikes  in  the  model  were  removed, 
five  dikes  (three  in  the  existing  channel  upstream  of  the  cutoff  and  two  in 
the  downstream  entrance  to  the  old  bendway)  were  installed  as  shown  in  Fig¬ 
ure  9,  and  the  cutoff  was  molded  to  the  cross  section  at  mile  36.41  in  the 
March  1968  prototype  survey.  The  dikes  are  listed  in  Table  1.  A  1,000-ft- 
long  longitudinal  dike  with  a  200-ft-long  dike  connecting  its  downstream  end 
to  the  hank  was  installed  to  el  50  on  the  right  bank  at  mile  37.10.  Two 
L-head  dikes  with  140-ft-long  root  serf  inns  and  400- f  t-i  mig  f,  sections  were 
installed  on  the  right  hank  to  c  1  O  at  rnil-s  3'-.  .9  and  !6.7.  These  dikes  were 
designed  to  develop  the  desired  flow  pattern  upstream  of  the  cutoff.  A  300- 
f t- long  longitudinal  dike  to  el  30  and  an  I, -head  dike  with  a  600-ft-long  root 
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Figure  9.  Plans  A-8,  A-9,  and  A-10 


section  and  a  d()0-f  t- long  !.  section  to  e!  40  wen 


section  and  a  200- f  t  -  long  1.  section  to  e!  40  wen  last  a!  led  or:  the  left  hank 
at  miles  34.7  and  14.5,  respective!'  ,  to  riinta;:  an.  acce  -s  :  hea  ve  1  into  t  he 
old  headway  for  recreation.  The  cr'ss  sect iev  tor  ?be  cuto!  t  channel  tor  this 
plan  was  120  ft  wider  at  el  o .  ft  hut  *'r  >rt  1  to  !!2  :t  n  irr-ve’-  f  ron  e!  !  0  to 
50  than  the  one  for  VI an  A.  Roth  hanks  for  M  tv  A. -8  vre  m-  '  led  i n  rock  to 
prevent  hank  scot:?  .  The  exist !ng  channe  1  upstream  :>•  •'  .1-  vrt-'tre  :i:.  <f  the  rut- 
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Plan  A- 9  (Plate  16)  indicated  that  the  channel  had  deteriorated.  A  shoal 
developed  to  a  height  of  1  ft  above  navigation  depth  at  mile  16.  1,  and  on  1 v 
SO  percent  of  the  navigation  channel  above  the  Black  River  had  a  width  of  at 
least  dOO  ft.  The  dikes  installed  downstream  of  the  Black  River  scoured  the 
bar  on  the  left  side  of  the  channel  to  below  navigation  depth.  This  would 
allow  uphound  navigation  to  start  crossing  to  the  left  bank  is  far  downstream 
as  mile  11.6. 
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to  the  average  cross  section  for  an  8 , 000-f  t-ra<!ius  curve  (Figure  11)  as  ob¬ 


tained  from  F’late  r>  of  the  Red  River  Waterway  Portfolio  of  Design  Memorandum 
No.  ,  March  The  existing  channel  was  molded  to  the  prototvpe  survey  of 

virc1’  F  \  ,’fu )- 1  t  — w  i  de  navigation  channel  was  dredged  to  el  0.0  in  the 

e'  i  ;f  ing  channel  upstream  of  the  cutof  f.  The  1  hvdrograph  was  repro¬ 

duced  'vice. 

^  e  s  u  ’  t  s 

.  1  he  hed  con  f  i  gura  t  ions  existing  at  the  end  of  the  second  hvdrograph 
wi  *  h  i’la:  H  :!ite  .’ !  !  indicate  that  with  this  plan  on  1  v  1!  percent  oi  the 
channel  a1  've  t  h,.  Pluck  River  would  have  navigation  depth  and  the  maximum 
»;dth  tiie  n.iv  igat  i<>it  channel  would  he  1  r>0  ft.  More  than  one  half  of  this 
no- •  'inuel  w.  .u ! :!  he  less  than  1 00  *  t  wide.  The  controlling  elevation 
•  •  e  .  '  d  »  (>  ’  ft  above  navigation  iepth .  The  results  gave  no  in- 

•  1  :  'treat  ',.i  deve  lopmerf  '■  r  !  i  *  r  *•  rent  hank  slopes. 
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shown  in  Figure  11.  The  bed  for  both  the  existing  and  cutoff  channels  was 
that  which  existed  at  the  end  of  testing  of  Plan  B-l.  The  1967-68  hydrograph 
was  reproduced  twice. 

Resu  Its 

43.  The  channel  bed  developed  with  Plan  B-l  indicated  that  this  plan 
would  maintain  a  continuous  navigation  channel  through  the  test  reach  except 
for  400  ft  at  mile  37  where  the  channel  bed  was  1  ft  above  navigation  depth. 
Sixtv-three  percent  of  the  navigation  channel  above  the  Black  River  was  at 
least  200  ft  wide  with  the  remainder  no  less  than  100  ft  wide.  The  channel 
into  the  downstream  end  of  the  old  bendway  was  below  navigation  depth.  The 
bar  on  the  left  bank  downstream  of  the  Black  River  would  hinder  upstream  navi¬ 
gation  when  crossing  to  the  left  bank  to  align  with  the  entrance  to  the  cutoff 
channe 1 . 

4'..  The  resulting  bed  configurations  for  the  second  hydrograph  with 
Plan  R-2  (Plate  22)  show  that  the  shoal  that  had  developed  at  mile  37  with 
Plan  B- !  had  been  scoured  to  below  navigation  depth,  thus  providing  a  con¬ 
tinuous  navigation  channel  through  the  test  reach.  However,  only  51  percent 
of  ’>e  channel  above  the  Black  River  was  at  least  200  ft  wide.  The  channel 
into  the  downstream  end  of  the  old  bendway  was  still  below  navigation  depth, 
but  the  bar  downstream  of  the  Black  River  developed  above  navigation  depth  to 
within  20p  it  of  the  right  bank.  This  left  a  channel  alignment  that  would 
hinder  rivr  traffic  except  during  high  water.  Test  results  gave  no  indica¬ 
tion  1 :  iiiierent  bed  development  for  different  bank  slopes. 

Plans  B-3,  B-4,  and  B-5 

IVscr  i  pt  ion 

‘1  it.  B-3  ''Figure  12)  was  the  same  as  Plan  B-2  except  the  downstream 
curve  in  the  cutoff  was  pivoted  so  its  downstream  end  was  moved  340  ft  toward 
the  existing  channel  to  improve  the  alignment  with  the  existing  channel  down¬ 
stream  o'  t  be  Black  River.  Above  el  16.7,  the  slope  of  the  inside  and  outside 
hanks  o'  *  h  i  ••  curve  were  changed  to  1  on  4 .  The  channel  bed  of  this  curve  was 
molded  in  non !  to  the  average  cross  section  lor  an  8 , 000- f t-rudius  curve  (Fig- 
» i  r  •  ■  1  ’  as  i r  was  for  Plans  R  and  B-l.  The  rest  of  the  channe  I  bed  was  molded 

to  c on!  f ge j  at  ions  existing  at  the  end  of  testing  ('1  Plan  R-2  (Plate  22)  except 
a  H)0- ; t-wide  channel  was  dredged  to  el  0.0  through  the  bar  at  mile  34.0.  For 


prototype 


Plan  B-4  (Figure  12),  an  800-ft-long  longitudinal  dike  was  Installed  to  el  35 
on  the  right  bank  at  the  downstream  entrance  to  the  old  bendway  (mile  34.5) 
and  a  400-ft-long  spur  dike  was  installed  to  el  20  on  the  left  bank  at  mile 
34.0.  The  channel  bed  was  to  configurations  existing  at  the  end  of  testing  of 
Plan  B-3.  For  Plan  B-5  (Figure  13),  the  spur  dike  installed  on  the  left  bank 
at  mile  34.0  for  Plan  B-4  was  removed  and  an  L-head  dike  was  installed  to 
el  20  at  mile  34.1.  The  spur  portion  of  this  dike  was  135  ft  long  and  the 
L-head  was  720  ft  long  at  an  angle  of  110  deg  with  the  spur  portion.  The 
channel  bed  was  to  configurations  existing  at  the  end  of  testing  of  Plan  B-4. 
The  dikes  are  listed  in  Table  2  and  shown  in  Figure  13. 

Results 

46.  The  navigation  channel  with  Plan  B-3  was  continuous  through  the 
test  reach  except  for  800  ft  at  the  upstream  end  of  the  model  where  a  shoal  to 
3  ft  above  navigation  depth  developed  across  the  channel.  Thirty-eight  per¬ 
cent  of  the  navigation  channel  above  the  Black  River  was  at  least  200  ft  wide, 
and  the  remainder  had  a  width  of  no  less  than  175  ft.  The  channel  downstream 
of  the  Black  River  had  a  width  of  over  200  ft  but  a  bar  developed  on  the  left 
bank  at  mile  34.0  that  would  hinder  upstream  river  traffic  from  crossing  to 
the  left  bank  to  align  with  the  cutoff  channel.  The  bed  configurations  re¬ 
sulting  from  tests  with  Plans  B-4  and  B-5  were  similar  to  those  with  Plan  B-3, 
except  that  the  L-head  dike  installed  at  mile  34.1  for  Plan  B-5  caused  the  bar 
on  the  left  side  of  the  channel  to  scour  to  below  navigation  depth  (Plate  23). 
This  would  allow  upbound  tows  to  begin  crossing  to  the  left  bank  as  far  down¬ 
stream  as  mile  33.7.  The  navigation  channel  for  Plans  B-4  and  B-5,  as  for 
Plan  B-3,  was  continuous  through  the  test  reach  except  for  about  800  ft  at  the 
upstream  end  of  the  model.  For  Plan  B-5  the  minimum  width  of  the  navigation 
channel  (except  for  the  upper  800  ft)  was  reduced  to  130  ft,  and  only  8  per¬ 
cent  of  the  channel  above  the  Black  River  was  at  least  200  ft  wide  at  naviga¬ 
tion  depth. 


Plan  B-6 

Description 

47.  Plan  B-6  was  the  same  as  Plan  B-5  except  the  outside  hank  of  both 
curves  in  the  cutoff  was  shifted  rivorward  50  ft  and  the  slope  of  the  outside 
bank  of  the  upstream  curve  above  el  16.7  was  changed  to  I  on  4. 


The  bed  of 


the  channel  was  molded  in  coal  at  el  -10.  This  provided  a  cutoff  channel  with 
stabilized  banks  with  widths  of  250  ft  at  el  0.0  and  225  ft  at  el  -10  for  the 
downstream  curve  and  208  ft  at  el  -10  for  the  upstream  curve  as  shown  in  Fig¬ 
ure  14.  The  existing  channel  was  to  configurations  existing  at  the  end  of 
testing  of  Plan  B-5  (Plate  23).  The  1967-68  hydrograph  was  reproduced  twice. 
Results 

48.  The  bed  configurations  resulting  from  testing  of  the  first  hydro¬ 
graph  with  Plan  B-6  showed  a  continuous  navigation  channel  through  the  test 
reach  except  for  300  ft  at  the  upstream  end  of  the  model.  Seventy-six  percent 
of  the  navigation  channel  upstream  of  the  mouth  of  the  Black  River  was  at 
least  200  ft  wide.  Following  testing  of  the  second  hydrograph,  66  percent  of 
the  navigation  channel  upstream  of  the  Black  River  was  at  least  200  ft  wide 
and  the  minimum  width  in  the  remainder  of  the  channel  was  175  ft.  The  naviga¬ 
tion  channel  downstream  of  the  Black  River  was  over  200  ft  wide  along  a  satis¬ 
factory  alignment.  The  access  channel  into  the  downstream  entrance  of  the  old 
bendway  had  a  controlling  elevation  4  ft  above  navigation  depth. 


Plan  B-7 


Description 

49.  Plan  B-7  was  the  same  as  Plan  B-6  except  the  left  bank  of  the  cut¬ 
off  channel  was  shifted  riverward  50  ft  and  the  slope  of  the  bank  of  the  up¬ 
stream  curve  was  made  the  same  as  for  the  downstream  curve.  The  bed  of  the 
channel  was  molded  in  coal  to  el  -10.  This  provided  a  cutoff  channel  with 
stabilized  banks  and  widths  of  300  ft  at  el  0.0  and  275  ft  at  el  -10,  as  shown 
in  Figure  15.  The  existing  channel  was  unchanged  from  bed  configurations 
existing  at  the  end  of  testing  of  Plan  B-6  (Plate  24) .  The  1967-68  hydrograph 
was  reproduced  three  times. 

Results 

50.  The  bed  configurations  resulting  from  testing  of  the  first  hydro- 
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sediment  had  moved  through  the  model  leaving  a  navigation  channel  through  the 
test  reach  except  for  1,000  ft  at  the  upstream  end  of  the  model.  I'pstream  of 
the  Black  River,  58  percent  of  the  navigation  channel  had  a  width  of  200  ft  or 
more  with  a  minimum  width  of  175  ft  in  the  remainder  of  the  reach.  The  chan¬ 
nel  below  the  Black  River  was  over  200  ft  wide  at  navigation  depth  and  was 
along  a  satisfactory  alignment.  The  access  channel  into  the  downstream 
entrance  to  the  old  bendwav  had  a  controlling  elevation  of  7  ft  (3  ft  below 
the  ALWP) . 

Plan  B-8 

Description 

51.  Plan  B-8  (Figure  16)  was  the  same  as  Plan  B-7  except  three  notches 
were  cut  in  the  outside  banks  of  the  two  curves  in  the  cutoff  to  determine  if 
they  would  cause  enough  disturbance  to  the  flow  to  affect  the  development  of 
the  bed  conf igtira t i ons .  These  notches  were  250  ft  wide  by  50  ft  deep  from  the 
bottom  of  the  channel  to  top  bank.  They  were  1,000  ft  apart  ^from  center  to 
center)  with  the  first  one  in  the  upstream  curve  at  mile  36.15  and  the  first 
one  in  the  downstream  curve  at  mile  35.10.  The  channel  bed  was  molded  to  con¬ 
figurations  existing  at  the  end  of  testing  of  Plan  B-7  (Plate  25).  The  1967— 
68  hydrograph  was  reproduced  twice. 

Results 

52.  The  navigation  channel  developed  with  Plan  B-8  was  continuous 
through  the  test  reach  except  for  600  ft  at  the  upstream  end  of  the  model 
where  a  bar  developed  across  the  channel  to  el  3.  Fifty  percent  of  the  navi¬ 
gation  channel  above  the  Black  River  for  the  first  hvdrograph  was  over  200  ft 
wide  with  a  minimum  width  of  150  ft  in  the  remainder  of  the  channel.  With  the 
second  hydrograph,  only  26  percent  of  the  navigation  channel  above  the  Black 
River  had  a  width  of  200  ft  (Plate  26),  but  the  minimum  width  of  the  naviga¬ 
tion  channel  remained  150  ft.  A  bar  developed  along  the  left  side  of  the 
channel  at  mile  34.1  that  would  hinder  upbound  tows  from  crossing  to  the  left 
hank  to  align  with  the  cutoff  channel,  but  this  bar  was  onlv  1  ft  above  navi¬ 
gation  depth  and  turbulence  caused  by  passing  tows  could  possibly  keep  it  from 
developing.  The  results  of  Plan  B-8  gave  no  indication  that  notches  cut  in 
the  bank  would  help  in  the  development  of  a  wider  or  deeper  channel. 
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Discussion  of  Kesu 1 t s--P ! an  B 

S3.  The  cutoff  channel  for  Plan  B  followed  the  alignment  of  tw.  reveise 
curves  with  radii  of  over  7,000  ft.  Fight  of  the  nine  plans  tested  <V\ eloped 
a  navigation  channel  tnrough  the  test  reach  exsept  for  the  first  1  ,00<i  »  t  o' 
the  model  which  was  affected  by  model  entrance  conditions  and  was  upst  rear  0 
the  dike  systems.  The  most  effective  plan  tested  (Plan  h-6  >  developed  a  navi¬ 
gation  channel  at  least  200  ft  wide  through  percent  of  the  reach  above  the 
Black  River  with  the  first  hydrograph.  Additional  repetitions  of  the  hvdro- 
graph  reduced  this  to  66  percent  with  at  least  a  width  of  200  it  and  a  minimum 
width  ot  175  ft  in  the  remainder  of  the  channel.  This  plan  contained  a  cutoff 
channel  with  stabilized  banks  at  widths  of  250  ft  at  el  0  and  225  ft  at 
el  -10,  seven  dikes  upstream  of  the  cutoff,  one  dike  in  the  cutoff,  and  one 
dike  downstream  of  the  cutoff.  Results  indicate,  as  did  those  of  Plan  A,  that 
the  proposed  overall  channel  would  be  too  wide  to  maintain  a  navigation  chan¬ 
nel  of  adequate  width  and  depth.  Reducing  the  width  of  the  overall  channel 
and  stabilizing  the  banks  would  be  effective  in  increasing  the  width  of  the 
navigation  channel. 
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PART  IV:  SUMMARY  OF  RFSl/LTS  AND  CONCH'S  I  ONS 


Model  Limitations 


64.  The  limitations  of  the  model  based  on  model  verification,  the  hy¬ 
drograph  and  tailwater  elevations  used,  and  channel  modifications  downstream 
should  he  considered  in  the  nnalvsis  and  evaluation  of  the  results  of  this 
investigation.  Since  onlv  one  recent  prototype  survey  was  available  to  use  in 
the  adjustment  of  the  model,  the  initial  conditions  molded  in  the  model  for 
adjustment  tests  mav  have  been  different  from  the  prototype  conditions  at  that 
time.  If  the  model  had  been  molded  to  the  prototype  data  for  that  time,  the 
model  results  might  have  been  somewhat  different.  The  quantity  of  flow  from 
the  Black  River  and  from  the  Mississippi  River  through  Old  River  Diversion 
Canal  could  change  the  backwater  effect  and  change  considerably  the  movement 
of  sediment  in  the  cutoff. 

5  6.  In  evaluating  the  results  of  tests  of  various  plans,  consideration 
should  he  given  to  the  fact  that  some  tests  were  continued  through  several 
repetitions  of  the  hvdrograph  to  give  time  for  the  channel  to  develop  fully, 
while  others  had  only  one  reproduction  of  the  hydrograph.  All  tests  were  con¬ 
ducted  with  the  1967-68  hvdrograph  which  was  considered  tvpieal  of  this  reach 
of  the  Red  River.  Prolonged  or  unusual  low-  or  high-water  periods  could  pro¬ 
duce  somewhat  different  results  from  those  with  this  typical  hvdrograph. 

56.  Although  several  locks  and  dams  are  to  be  constructed  upstream  of 
this  reach  if  the  Red  River  that  will  affect  the  sediment  load  being  trans¬ 
ported  into  the  test  reach,  no  modification  was  made  in  the  sediment  load  for 
model  tests.  The  mode  1  did  not  reproduce  sediment  in  suspension  or  the  ero¬ 
sion  of  river  hanks  fhanks  were  lixed  in  the  model  1 .  In  spite  of  the  limita¬ 
tions  men!  ;one  ’  the  adjustment  of  the  model  ;s  con'idered  suff  icient  to  indi¬ 
cate  trends  that  can  he  expected  under  conditions  imposed  lor  each  plan  and 
tin'  relative  effectiveness  of  such  plan1-. 
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The  proposed  overall  channe !  wa«  to,'  wide  to  maintain  a  naviga¬ 
tion  channel  of  adequate  width  and  depth  above  the  Black  River. 

The  development  of  an  adequate  navigation  channel  in  tie  test 
reach  would  require  a  reduction  in  the  width:  o'  the  overall 
channel.  This  could  he  obtained  with  channel  structures  or  hv 
making  the  channel  narrower  and  revetting  its,  hanks.  The  nar¬ 
rower  channel  with  protected  hanks  provided  a  smoother  hank 
line  and  channel  alignment. 

P 1  an  B  with  its  longer  radius  curves  would  require  less  dike 
construction  than  Plan  A,  even  though  the  cutoff  would  he 
longer  and  require  more  excavation.  The  longer  radius  curves 
of  Plan  B  would  make  it  easier  for  tows  to  navigate  the  limited 
width  bends. 

Structures  will  he  required  on  the  left  hank  downstream  of  the 
Black  River  to  prevent  a  bar  from  developing  along  this  hank 
that  would  prevent  upbound  tows  from  crossing  to  the  left  bank 
to  align  with  the  cutoff  channel. 

Structures  will  be  required  in  the  downstream  entrance  of  the 
old  hendway  to  provide  an  access  channel  into  the  old  bendwav 
for  recreation.  The  most  effective  plan  tested  consisted  of  a 
longitudinal  dike  upstream  of  the  bendway  to  an  elevation  that 
would  allow  flow  but  not  sediment  over  it  with  a  spur  dike  to 
top  bank  elevation  downstream  of  the  bendwav  to  force  the  flow 
that  had  over topped  the  longitudinal  dike  hack  into  the  river. 
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